Abstract In a retrospective cross-sectional study, dental development of 1,620 healthy Japanese children, aged 3-15.9 years, were evaluated by the Demirjian method. A subset of 55 pantomograms were randomly chosen and re-examined. The intra-class correlation coefficient on maturity scores was 0.99. The Cohen's Kappa coefficient to agreement stage by teeth and overall agreement by stage resulted in average 0.85 and 0.82 respectively, both interpreted as "substantially reliable". The children were classified by sex and age. In each age group, dental age and chronological age was compared using paired t-test. Most of age groups were overestimated and had a significant difference. New standards for Japanese children were built using a logistic curve with the equation y‫ם1(/␤{*001ס‬e
‫(␣מ‬x‫מ‬x0)
)} as a basis. A residual analysis was made to verify if the curve was appropriate. The explained variance for the regression curve resulted in 94.25% for males and 95.07% for females. For both sexes, a linear regression line between chronological and estimated dental age showed 94% of association. The Demirjian standards were not suitable for the presentday Japanese children, so it was necessary to establish specific standard. the timing of observation 4) . Second, methods 5, 6) based on "absolute measurements of teeth" using radiographs have shown a good validity. However, they could be questioned because the measurement might be difficult to determine if definitive length of teeth is unknown 7) or because of the potential enlargement by radiographs 8) . Third, methods based on "tooth mineralization", which was defined as an ongoing process from 1940 9) . After that, several techniques to assess the DA by odontogenesis have been determined 10) because the tooth calcification demonstrated to be more controlled by genes and less influenced by environmental factors compared to other systems
Introduction
Children with the same chronological age (CA) may show differences in the development stages of different biological systems. Several indices have been developed to determine the degree of maturity, and dental age (DA) is one of them 1) . It is important for the pediatric dentistry to have a good familiarity with the development of teeth in children and its variations 2) . Exist fundamentally three ways to assess the DA: First, methods based on "dental eruption", which does not need radiographs for its evaluation 3) . This is most useful and the oldest technique, but it can only be used effectively during the active periods of the dentition and it is very dependent on and type tooth, and the total sum provides a dental maturity score (MS). This MS may be converted into a DA by using available tables or percentile curves. Demirjian method has been applied widely as base to create population specific standards 1, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Since tooth development standards have been established in several countries, the aim of this study is to test applicability of Demirjian method 14, 15) , and if is not appropriate, to develop specific standards for the Japanese population.
Materials and Methods
In a retrospective cross-sectional study pantomograms (PT) of 1,620 Japanese children (823 males, and 797 females) were evaluated by Demirjian's method 18, 19) . They aged 3 to 15.9 years ‫,50.3ע7.9(‬ mean‫ע‬SD) at the time of PT were taken. All PT belong to patients of The Hospital of Nihon University School of Dentistry at Matsudo (1995 Matsudo ( -2007 . In this study, only Japanese children with complete mandibular permanent dentition (erupted or not), and free from any disorder affecting growth were included. PT that were unclear or that showed gross pathology were excluded. The Ethical Committee of Nihon University Graduate School of Dentistry at Matsudo approved this study.
After assessed all PT, a randomly subset of 55 PT was re-examined to estimate the methodological error by means of intra-class correlation coefficient (ICC), percentage of absolute agreement and Cohen's Kappa coefficients.
The children were distributed by sex in age group closest to theirs CA (Fig. 1) . The first group, consisting of 2.6 to 3.5 year-olds was called group 3, the next group included 3.6 to 4.5 year-olds was called group 4 and so on. For each gender and age group in the sample, the mean score of the CA and calculated DA of children were compared using paired t-test. DA and CA were expressed into decimal age.
New standards for the Japanese were developed using a logistic curve with the equation y‫/␤{*001ס‬ (1‫ם‬e ‫(␣מ‬x‫מ‬x0) )} as a basis, where "y" is the "maturity score" and "x" is the "dental age". Logistic regression analysis based on the least squares method was adopted to obtain the parameters ␣, ␤ and x0 for each gender equation with aid of SAS 9.1 Statistical Program. After that, DA for Japanese was calculated from Demirjian's maturity scores. In order to verify the logistic curve, the explained and unexplained variances were calculated. Moreover, scatter plots of the differences between MS calculated and MS predicted by logistic curve were made to detect the abnormal data, as well as, if the variance of the errors is constant in relation to the independent variable.
For a direct DA calculation from MS, the gender specific equations for Japanese were transformed resolving according to x. The accuracy of DA estimation was defined as how closely CA could be predicted 26) . Then, the grade of relation between CA and DA for Japanese was calculated by means of linear regression line.
Results
ICC on maturity scores was 0.99. The mean of percentage of absolute agreement on separate stages by tooth was 89.07%. Mean of Cohen's Kappa . For each one of the age groups, the mean score of DA calculated by Demirjian method 15) and CA of the children was compared by means of paired t-test. Children whose has reached a dental score of 100 (all teeth in H stage) were excluded, because theirs DA could not be computed. The differences between CA and DA ranged from ‫67.0מ‬ to 1.22 in male, and from ‫64.0מ‬ to 1.00 in female. Most age groups were overestimated and had significant differences ( Table 2 ). The standards of Demirjian method 15) resulted not appropriate for Japanese children.
New standards for Japanese children were calculated (Fig. 2a-2b) . The function used for the 50th percentile curve of males and females was, respectively, ‫}))8310.6מ‪0.5316(x‬מ‪e‬ם1(/1{*85.99ס‪Y‬‬ and ‫,}))7179.5מ‪0.5551(x‬מ‪e‬ם1(/1{*05.001ס‪y‬‬ where the variable "x" represents the mean age of Japanese when the score sum is "y". For a direct calculation of DA, "x" was resolved from each one of sex specific equations. Then, a format was designed to promote and to facilitate its use (Annex 1).
The residual analyses showed the explained and 95.07%, respectively. The scatter plots of the logistic curve for male and female showed that the differences between MS calculated by Demirjian method and MS predicted by the logistic curve were Fig. 2a-2b Dental age standards for Japanese by sexes with the respective 95th and 5th percentiles Fig. 3a-3b Scatter plots of the difference between observed and predicted maturity scores for the logistic curves in Japanese Fig. 4a-4b Correlation between chronological age and calculated dental age for Japanese children uniformly spread around zero as can be expected (Fig. 3a-3b) . The mean value and standards error of those differences were ‫110.0מ‬ and 0.18 for males, and ‫730.0מ‬ and 0.16 for females, respectively. Correlation between DA for Japanese and CA was 0.97 in both sexes. On average, Japanese children were slightly more advanced in theirs calculated DA than by theirs CA, without significant differences. A straight line was adjusted for regression equations between DA (y) and CA (x) for each gender. The correlation was highly statistically significant and linear, what means that, DA could be evaluated in relation to CA with 94% of reliability for Japanese children (Fig. 4a-4b ).
Discussion
The tooth calcification process can be followed easily by means of pre-determined stages in radiographs, but we should know that "although, the tooth formation includes formation of an organ matrix and its subsequent calcification, most chronologies of formation are of mineralization as is visualized radiographically" 12) . On the other hand, evaluation systems that include a higher number of development stages and greater number of examiners had a low reliability in repeated evaluations 28) . In this sense, Demirjian method has only eight stages, and its descriptive criteria have been considered the most detailed using relative length of crown and root 26) . In this study, all PT were examined by same person. The maximum deviation was one developmental stage, and the mean of percentage of absolute agreement on separate stages by tooth was 89.07%. Moreover, the means of Cohen's Kappa coefficients of agreements were interpreted as "substantially reliable" (Table 1 ), which could indicate that the Demirjian method provides an appropriate protocol and a clear description.
The score system of Demirjian 14) assumed that the dental development is similar in different populations, whereas the "corresponding" CA might vary. The correlation between maturity score of Japanese and French-Canadian children was 0.97 in both sexes, which could corroborate that expressed previously.
A common finding of Demirjian method was the overestimation of age when it was applied to other population 1, 7, 17, 18, 21, 23, 29, 30) . Daito et al. 2) , affirmed that "standards created from mainly Caucasian children in Europe and America was not applicable to the growth and development of the teeth of Japanese children". In this study, most of age groups were overestimated and had a significant difference (Table 2) .
On the other hand, the French-Canadian children of Demirjian 14, 15) were born between 1957-1961, and the Japanese children in this study between 1980-2003. A possible explanation of differences might be a positive secular trend during the last 25-30 years 2, 31) . Therefore, the methods that were established several decades ago are not strictly applicable nowadays because of secular variation 21) . Therefore, given that there might be differences in dental maturation in different populations, each population might need its own standard or conversion table.
To find a mathematical model with the best possible relation between MS and CA were tested different types of regression 22) . Since dental development seemed not to follow a linear progression 6) , the logistic function (an exponential function with limited growth) was chosen for both, its relative good accordance with dental development progress 16) and its anterior applications in dental curve models 1, 16, 18, 22) . Once built the specific gender equations for Japanese (Fig. 2a-2b ), these were transformed (resolving according to x) for a direct calculation of DA, as it was made in a German study 16) . In the resultant equations "x" represents the average age of the Japanese children when the score sum is "y", i.e. the DA (see Annex 1).
Demirjian's method is adapted by clinicians, the MS is calculated as function of age, then the predictive interval is given for the MS and computed to obtain an age interval 12, 20, 21, 23, 24) . DA could be evaluated in relation to CA with 94% of reliability for Japanese children by standards built in this study. For subjects of unknown or unreliable ethnic origin, it was created an "International Maturity Curves for Clinicians" 25) using the Demirjian method on 9,577 PT of healthy subjects from eight countries.
Age estimation and evaluation of the developmental stage is a fundamental question in forensic medicine, pediatric endocrinology and orthodontic treatment 18) . For pediatric dentistry, dental maturity measure can be useful as a method of evaluating the overall development status of the mouth 30) . The relationship between MS and CA does not follow a simple mathematical function 22) , but to relate these two variables could give clear information on individual and ethnic variation of tooth development.
Probably, the standards elaborated in this study can be representative for healthy Japanese children, and it could be use in comparisons, trace the progress of a particular child or estimation of the age of a child with missing or uncertain birth data.
Conclusion
Demirjian and Goldstein standards are not sufficiently representative to the present-day Japanese children. It is preferable to elaborate population specific standards from Demirjian method.
